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I 968 Whedon, 1959; Harrison & Fraser, 1961 ; Nordin, 1962) . The relation between the calcium intake and osteoporosis in man is therefore of considerable interest. Smith & Frame (1965) investigated 2000 ambulatory women. They found a progressive loss in vertebral density and of cortical bone in the metacarpal and femur with age. They were not, however, able to demonstrate any relation between osteoporosis and calcium intake obtained from a dietary history.
In this paper, we report the dietary intake of calcium, phosphorus, protein and vitamin D in normal female subjects and patients referred to a special clinic because they were thought to have osteoporosis. Calcium absorption was estimated by an isotope test of absorption, and the urinary calcium estimated in the same subjects.
Subjects studied
Two groups of subjects were studied. The first consisted of 152 normal female volunteers, approached while they were visiting patients in the wards of the Western Infirmary, Glasgow (Nordin, MacGregor & Smith, 1966) . Diet histories are available in 141 of these subjects. T h e second was a group of ninety-seven patients referred for the investigation and treatment of severe back pain or recent fractures, and who were thought to have osteoporosis by the referring physician or surgeon on examination of standard bone X-rays.
Procedure
The subjects were interviewed and a standard questionnaire was completed by a member of the medical staff. T h e questionnaire was designed to include a history of backache, fracture, bowel symptoms, urinary tract and endocrine disorders. Details of the menstrual and obstetric history were also noted. All of the subjects had their height and weight taken. Skeletal X-rays and bone densitometry measurements were carried out as described by Nordin et al. (1966) , and an oral test of radioactive calcium absorption was performed (Rhandarkar, Bluhm, MacGregor et Nordin, 1961) . Random urine specimens were taken on two separate occasions and the mcan of the two calcium :creatinine ratios was recorded. Patients with secondary ostcoporosis (Nordin, 1961) were excluded from the survey.
Diet histories, with particular reference to calcium, phosphorus, protein and vitamin D, were obtained from all the subjects by a dietitian specifically employed for this purpose. T h e validity of the diet histories in terms of the weighed weekly diet is being reported elsewhere (Harrison & Nordin). All the findings were recorded and processed by a medical data processing system utilizing magnetic tape record files and flexible search and statistical routines.
Results
T h e social class of the 1 5 2 normal female volunteers, according to their husbands' occupations (or their own if single or widowed) was described in our previous paper (Nordin et al. 1966) , and is reproduced in Table I . This classification is in accordance with Appendix B I of the Registrar General's Classification of Occupations (1960) .
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There was a preponderance of patients in class 3 (skilled occupations). T h e social class distribution of the patients described as osteoporotic is shown in Table I and is very similar to that of the normal subjects.
The average age of the onset of the menopause was 47 years in the normal group and 46-6 years in the patient group, the subjects who had had an artificial menopause being excluded. There was no significant difference between the groups. A higher proportion of the supposedly osteoporotic group had had artificial menopauses (2394) as compared with the normal group (1094). The X-ray indices were correlated with age ( Table 2) . It is clear that, except for the spine index in the osteoporotic group, the X-ray indices of bone mass fall significantly with age in both groups. T h e two groups were, therefore, compared by relating the metacarpal index, the femoral index, the spine score and the relative vertebral density (RVD) to age, in 5-year age groups. T h e results of the comparison relating the metacarpal index to age are shown in Fig. I . As can be seen, there was no significant difference between the two groups. Similarly, when the two groups were compared in terms of the femoral index, spine index and relative vertebral index, no significant difference emerged. (P<O*OOI), protein (P<o*oor), and vitamin D (P<o.ooI) in the patient group, but the intake of calcium was not significantly different in the two groups. As bodyweight might be expected to influence dietary intakes, the weights of the two groups were compared. The mean weight of the normal women was 62.0 kg (SE= oq), and of the osteoporotic women, j8.0 kg (SE= 1-10). The 'osteoporotic' patients were, therefore, slightly but significantly lighter than the normal subjects.
T h e age distributions of the normal and osteoporotic subjects were compared.
As might be expected, the 'osteoporotic' group was found to be significantly older than the control group, (the average age of the osteoporotic patients being 61.8 years, and of the normal subjects, 51.6 years). T h e body-weights were regresscd against age in both groups separately and together, but no significant fall in body-weight with age was found, Since the patient group is both older and lighter than the normal group, the dietary intakes were adjusted to take this into account and the results are shown in Fig. 3 . As can be seen, there is no significant difference between the groups when studied in this way. 1 Osteoporotics (op) , unless specified a t foot of column. Fig. 3 . Dietary intake in the normal and osteoporotic subjects divided by body-weight and plotted against age in lo-year age groups. The mean and z SE range is shown. N o significant difference between the groups is found.
In both groups, the dietary intakes appeared to fall with age and this was further investigated. The results are shown in Table 3 . T h e dietary intakes are correlated with age i n both groups separately and combined. The analysis was repeated after 206 SYMPOSIUM PROCEEDINGS I 968 the dietary intakes were divided by body-weight. The intakes of phosphorus, protein and vitamin D, but not the intake of calcium, fell significantly with age in the normal subjects. IIowever, when the dietary intake was divided by body-weight no significant relation between intake and age was found. I n the patient group, only the protein intake, not divided by body-weight, showed any significant fall with age. When the groups were combined, all dietary intakes showed a small fall with age. When the intakes were divided by body-weight, there was a fall in the intake of phosphorus, protein and vitamin D but not of calcium.
T h e absorption of calcium as measured by the radioactive calcium absorption test is plotted against age in To-year age groups, and the results are shown in Fig. 4 .
There is no significant difference between the groups except between 61-70 years. There was no significant fall with age whenthe groupswerestudiedseparately, but when both were taken together there was a small but significant fall in absorption with age (r=o.18: P<0*05). Since body-weight would be expected to influence the measurement of the plasma level at z h after ingestion of the radioisotope because the calcium pool would be larger in the heavier subject, the 2 h serum value was divided by bodyweight. No significant difference emerged between the groups, and no significant change in absorption occurred with age in either group separately or taken together.
T h e urinary excretion of calcium as measured by the mean of two separate estimations of the ca1cium:creatinine ratio in the two groups did not differ significantly (Fig. 5) . Again, when regressed against age, there was no correlation with age when the groups were compared separately or together.
Discussion
The striking feature in this study is the similarity between two groups of subjects selected in two completely different ways. T h e normal subjects were selected as described before (Nordin et al. 1966) by approaching relatives and friends visiting patients in the general medical wards in the Western Infirmary. T h e patient group The mean and z SE range of two estimations of the urinary calcium: creatinine ratio plotted against age in 10-year age groups in the normal and osteoporotic subjects. No significant difference between the groups is seen.
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consisted of patients who had been referred to a special clinic because they were thought to be osteoporotic. All had presented with symptoms such as backache or had had a recent fracture, and the referring physician or surgeon had felt that the patient had osteoporosis after the X-rays had been inspected. All the patients had serum calcium and phosphorus measured, and a calcium: creatinine ratio and phosphate excretion were estimated by measuring the phosphate excretion index (Nordin & Fraser, 1960) . In this way, patients who had evidence of other bone disease were excluded. T h e patient group constituted an older and lighter population, and a higher proportion had had an artificial menopause, but the groups were otherwise similar.
T h e age of onset of the menopause in the two groups did not differ significantly.
T h e distribution within the social classes of the two groups was similar, both showing a higher proportion of patients in social class 3 (skilled workers) which almost certainly reflects the population served by the hospital. The dietary intakes of the two groups showed a significantly lower intake of phosphorus, protein and vitamin D, but not of calcium in the patient group, but once age and weight were allowed for, these differences disappeared. The groups were very similar in their absorption of calcium as measured by an isotope test of absorption using 45Ca, and no difference was found in the urinary output of calcium as measured by the mean of calcium: creatinine ratios in the urine.
Though the patient group had significantly lower X-ray indices and densities than the normal group, they were older, and it is now clearly established that X-ray indices fall with age ( Smith, Anderson, Shimmins & Speirs, 1968) . Once age was allowed for, there was a striking similarity between the groups in the measurements of bone mass. Both groups also showed a highly significant fall with age.
Osteoporosis is said to exist when the amount of bone tissue per unit volume is decreased, the remaining bone being normal. I n view of the striking similarity between these two groups, however, it is evident that this definition lacks precision. Granted that osteoporosis is a condition in which the amount of bone is diminished, then it must be referred to a normal standard below which the condition is pathological. This problem was further considered by Smith, Anderson, Shimmins, Speirs & Barnett (1968) . T h e X-ray measurement used in that study was a measure obtained from a densitometric method applied to the third metacarpal of the right hand (Anderson, Shimmins & Smith, 1966) . This showed that patients who had a normal amount of bone for their age still had a significant degree of spinal biconcavity and crush fractures. Further, it was found that a significant degree of biconcavity occurred when the amount of bone fell below the 95% confidence limits for the population between the ages of 30 and 40 years when the amount of bone mineral was at its peak. Newton-John & Morgan (1968) showed similarly that the rise in the incidence of fracture of the wrist and neck of the femur was directly related to the fall in bone mass. This means that with increasing age, a higher and higher proportion of the population is at risk and, as Smith I n the present study, there was a slight fall in calcium intake with age. There was a more significant fall in the intake of phosphorus, protein and vitamin D with age.
There was a very significant fall in bone mass with age. Though these dietary changes with age are small, in fact only a small negative balance of less than 30 mg calcium/day would be enough to account for the loss of bone in these subjects. However, this does not necessarily mean that dietary intake is related to the development of osteoporosis, as both the fall in X-ray measurement and X-ray score could be a function of ageing.
Summary
Two groups of subjects were studied. One was a group of normal subjects and the other a group of patients referred to a special clinic because they were thought to be osteoporotic.
T h e two groups were strikingly similar once age and weight differences were allowed for. Their X-ray measurements did not differ significantly. There was no difference between the groups in relation to dietary intake of calcium, phosphorus, protein and vitamin D. Calcium absorption and urinary excretion were similar in both groups. The X-ray indices fell with age in both groups. A fall was noted in the dietary intake of phosphorus, protein and vitamin D with age. There was a smaller fall in calcium intake with age. There was a small fall in the absorption of calcium with age, but no change in urinary calcium.
